Effects of tree species, stand age and land-use change on soil carbon and nitrogen stock rates were investigated in the northwest of Turkey using 4 common tree species as black pine (Pinus nigra Arnold.), Scots pine (Pinus sylvestris L.), Oriental beech (Fagus orientalis Lipsky) and Uludag fir (Abies nordmanniana ssp. bornmuelleriana). Three tree species (black pine, Scots pine and Oriental beech) were used to investigate the differences in soil C and N among tree species. Old and young Uludag fir stands and adjacent grassland were used to study the differences in soil C and N with stand age and land-use change. Mineral soil samples were taken from 0-10 cm and 10-20 cm soil depths, and analyzed for pH, soil texture, bulk density, total soil carbon and total nitrogen. The total soil carbon and total nitrogen pools were then calculated by multiplying soil volume, soil bulk density, and the total soil carbon or total nitrogen content. Results showed significant differences in soil carbon and nitrogen contents, carbon/nitrogen ratios and stock rates among the three species, and between old and young fir stands and grassland. In general, when 0-20 cm soil depth was considered, mean soil carbon stock rate was the highest under black pine (79 Mg C ha ). Young fir stands showed lower soil carbon stock, but higher soil nitrogen stock rates compared to old fir stands and grassland. Our results demonstrated that tree species, stand tree age and land-use change can have significant effects on soil carbon and nitrogen content and stocks rates. These findings can help to enhance forest management activities, such as selection of tree species for carbon sequestration in plantation systems, design of sustainable agroforestry systems, and improvement of biogeochemical models.
Introduction
Forest ecosystems cover only 30% of the land areas, but contain 81% of the terrestrial carbon biomass (Sandrine et al. 2006 ). Forests play a major role in the exchange of CO2 between atmosphere and biosphere, being an important natural restraint to climate change. Land use changes such as forest clearing, cultivation and pasture/ grassland conversion are known to result in changes in soil carbon (Houghton 1999) and nitrogen content (Lovett et al. 2002) .
It has been estimated that approximately 123 Pg of carbon (C) were released to the atmosphere between 1850 and 1990 due to land-use change (Houghton 1999) . Nitrogen (N) deposition has also increased more than tenfold since the last 150 years due to the intensification of human activities such as production and application of nitrogenous fertilizer, and fossil fuel combustion (Hobbie 2008) , and the N deposition rate is predicted to be enhanced in the next few decades (Galloway et al. 2004 ). The increasing N availability would impact C and N cycling in terrestrial ecosystems (Jiang et al. 2010) . Changes in soil carbon and nitrogen after conversion of forests to pasture and grassland vary greatly among sites. Differences in carbon and nitrogen storage between pasture, grassland and forest sites are attributed to variations in vegetation type, tree stand age and physical properties of soils (Osher et al. 2003) .
Forests contain 20 to 100 times more biomass C per unit area than agricultural lands, therefore the conversion of forest to grassland or cropland generally reduces the amount of carbon on land (Houghton 1992) . Approximately half of Earth's terrestrial C is in forests (1146 × 10 15 g), and about two-thirds of such amount is retained in soil pools (Goodale et al. 2002) . A number of studies have shown that tree species can differ in their influence on the stock and composition of soil carbon (SC -Vesterdal et al. 2008) . Inputs and chemistry of organic detritus C from different tree species can affect SC (Eviner & Chapin 2003) . Tree species could potentially cause a "bridging" effect between SC and clay par- ticles via their influence on cation chemistry, thereby reducing C decomposition (Mulder et al. 2001 ). In addition, low soil pH resulted from the inputs of acidic tissues of various tree species may enhance SC accumulation through microbial inhibition (Beets et al. 2002) . In other studies, nitrogen pools and C/N ratios have been suggested as indicators of C sequestration potential in soils (De Vries et al. 2006) . The variability in soil C/N ratios and N retention can be closely linked with variation in tree species composition (Lovett et al. 2002) . Several studies have reported the influence of tree species on microbial processes related to C and N cycling (Menyailo et al. 2002) .
Recent studies on the role of soil carbon pools for mitigation of greenhouse gases have highlighted the need for more knowledge on tree species effects (Jandl et al. 2007) . Forest management, including a change in tree species and stand age has been accepted as a measure for mitigation of atmospheric CO2 in national greenhouse gas budgets. However, quantitative estimates of tree species effect on soil C and N pools are still scarce and not much study are available in the literature for Turkey. The knowledge of soil C and N pools under common Turkish tree species is even more scarce and inconclusive, whereas studies in Europe indicated strong differences in soil C and N between ash, lime, beech, maple, oak, Norway spruce species (Vesterdal et al. 2008) .
In this paper, we set up a study in the northeast of Turkey to explore the differences in soil C and N: (1) between tree species using black pine (Pinus nigra Arnold.), Scots pine (Pinus sylvestris L.) and Oriental beech (Fagus orientalis Lipsky); (2) with stand age using old and young stands of Uludag fir (Abies nordmanniana ssp. bornmuelleriana); and (3) with land use change using grassland and adjacent young and old Uludag fir stands. Differences in mineral soil C and N content and stock capacity were studied at two soil depths of 0-10 cm and 10-20 cm.
Materials and methods

Site description and sampling
The study was carried out in Kastamonu, northwest of Turkey (41° 23′ 19″ N, 33° 46′ 57″ E - Fig. 1 ). The altitudes of the studied areas were between 800 and 1200 m a.s.l. (Tab. 1). The aspect of the studied site was Northwest (NW). In the study area, winters are long, cold and snowy, whereas summers are short and warm. The seasonal and daily temperatures show large extreme values and precipitation is generally low. Weather data for the period 1975-2010 (Kastamonu Meteorology Station, 800 m a.s.l.) indicate that precipitation averages 490 mm annually. Average monthly temperatures range from 20.2 °C in July to -0.8°C in January. Parent material of the studied area was mainly a granite/quartz mixture. Geomorphology and tree species distribution at the study site is shown in Fig. 2 .
The study area consists of broadleaf and conifer stands with age between 40 and 150 years. Stands with age of approximately 70-90 years, homogenous soils, similar slope position (NW) and located in the center of the forest were selected, and soil samples collected at two different sites: at the first site, stands with black pine (Pinus nigra Arnold.), beech (Fagus orientalis Lipsky) and Scots pine (Pinus sylvestris L.) stands were selected at the elevation of 1000, 1100 and 1200 m a.s.l., respectively. At the second site, old and young Uludag fir (Abies nordmanniana ssp. bornmuelleriana) stands (82 and 45 year-old, respectively) and adjacent grassland situated at 800 m a.s.l. were chosen.
Soil sampling was conducted in the autumn 2012 and spring 2013. Three adjacent subplots (replicates -20 × 20 m) were identified and sampled for each stand type. Humus form of the stands was moder like. From the forest floor, all horizons (L, F and H) that could be distinguished separately with sufficient thickness were individually measured. Mineral soil sampling was restricted to the upper 20 cm, where changes in soil C and N are expected to occur. A soil core device with an inner diameter of 5 cm was used for soil sampling to a depth of 20 cm. Mineral soil sample cores were taken from 0-10 cm and 10-20 cm soil depth, and passed through a 2 mm sieve to remove stones and gravel.
Soil analysis
Soil pH was measured for samples from the 0-20 cm layer using a 1:2.5 mixture of deionized water and soil using a glass calomel electrode (Orion 420 digital pH meter, Fisher, Pittsburg, PA, USA) after equilibration for 1h. Moisture content of samples was calculated by weight loss after oven-drying aliquots of ca. 10 g of soil for 24 h at 105 °C. Soil texture (sand, silt and clay) was determined on soil samples from the 0-20 cm layer using the hydrometer method of Bouyoucos (1935) in a soil suspension of 50 g of soil in 1 L of H2O (Gülçur 1974 , modified from Bouyoucos 1962 . Samples were pretreated with am-
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iForest 9: 165-170 Tab. 1 -Mean elevation, stand age, annual temperature (MAT) and annual precipitation (MAP), soil texture, soil pH and forest floor horizon thickness (cm) of the study stands. Different letters indicate significant differences between tree species (P<0.05, n=9). .1 n/a n/a n/a
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Soil carbon and nitrogen stock capacity under different tree species monium hydroxide (NH4OH) to remove organic matter and NaHMP was used as a dispersal agent to minimize foaming. Bulk density was determined by weight loss after drying the undisturbed soil cores. Soil carbon content was quantified with using a Leco dry combustion element analyzer. Total N was determined by Kjeldal digestion (Allen 1989) followed by analysis of ammonium by the indophenols method using an auto-analyzer device for 2 days at 105 o C. The SC or nitrogen pool were calculated by multiplying soil volume, soil bulk density, and SC or nitrogen content and expressed as Mg ha -1 (Lee et al. 2009 ). Soil mass was calculated as follows (eqn. 1):
where Mi is dry soil mass (Mg ha -1 ), BDi is bulk density (Mg m -3 ), Ti is the thickness of the i-th soil layer (m), and 10 4 is the unit conversion factor (m 2 ha -1
). The fixed depth (FD) determination of areal C or (N) stock is calculated as follows (eqn. 2):
where Ci-fixed is the C (or Ni-fixed is the N) mass to a fixed depth (kg C or N ha 
Data analysis
Analysis of variance (ANOVA) was applied to test for differences in soil carbon and nitrogen concentrations and stocks among stands of the three tree species (black pine, Scots pine and beech), and among the old fir stand, the young fir stand and the grassland using the SPSS ® software v. 11 for Windows ® (IBM, Armonk, NY, USA). Tukey's honestly significant difference (HSD) test (α = 0.05) was applied to test for differences among mean values.
Results
Forest floor structure differed between tree stands (Tab. 1). In general, beech stands had the thickest forest floor (L=1.80 cm, F=3.75 cm, H=2.89 cm), whereas young fir stands showed the thinnest forest floor (L=1.13 cm, F=2.56 cm, H=0.75 cm). Soil texture and pH values did not vary significantly between tree species (P>0.05 -Tab. 1).
Differences in soil C and N stocks between tree species
Mean soil bulk density and carbon and nitrogen concentrations in three species analyzed are given in Tab. 2. Soil bulk density increased with increase in soil depth. Soil bulk density was generally lower under the black pine stand than under beech and Scots pine stands.
Black pine stand had the greatest SC concentration in the top 10 cm (4.13%), followed by Scots pine (3.67%) and beech (3.18%). Soil carbon concentration decreased with increasing soil depth. At the 10-20 cm depth, black pine stand still had the greatest SC concentration (2.33%), whereas beech stand had the lowest SC concentration (1.85%). In general, when samples from the 0-20 cm soil depth were considered, SC concentration was highest under black pine (3.23 %) and lowest in beech soil (2.51%). Compared to SC concentration, total nitrogen concentration at the top 10 cm was lowest under black pine (0.20%) and highest under beech (0.44%). Total nitrogen concentration also decreased with increasing soil depth. At the 10-20 cm depth, black pine stand still had the lowest (0.11 %) and beech stand had the highest total nitrogen concentration (0.33%). At the 0-20 cm, total nitrogen concentration was lowest under the black pine stand (0.15%) and highest under the beech stand (0.39%).
As for the soil carbon and nitrogen stocks at the 0-10 cm soil depth, black pine stand had the highest soil carbon stock (48.3 Mg C ha -1 ), followed by Scots pine stand (44.5 Mg C ha -1 ) and beech stand (41.1 Mg C ha -1 -Tab. 3). Soil carbon stock also decreased with increasing soil depth. At the 10-20 cm depth, black pine stand still had the greatest SC stocks (30.6 Mg C ha 
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Tab. 2 -Mean soil bulk density (Mg m -3
), soil carbon and nitrogen content (%) in mineral topsoil per tree species. Different letters indicate significant differences between tree species (P<0.05, n=9). ). At the 10-20 cm depth, beech stand also showed the highest total nitrogen stock (4.38 Mg N ha -1 ), and black pine stand had the lowest (1.83 Mg N ha -1 ). At the 0-20 cm total soil depth, beech stand had the highest total nitrogen stock (9.57 Mg N ha -1 ), followed by Scots pine stand (5.77 Mg N ha -1 ) and black pine stand (4.20 Mg N ha -1 -Tab. 3). In general, at all soil depths considered beech stand had the lowest C/N ratios, whereas black pine stand had the highest ratios (Tab. 3).
Differences in soil C and N stocks between stand age and land use type
Mean soil bulk density and carbon and nitrogen concentrations of samples from the old and young fir stands and the grassland are given in Tab. 4. Soil bulk density was higher under grassland than under old and young fir stands. At the top 10 cm, old fir stand had the greatest SOC concentration (4.54%), followed by young fir stand (3.14%) and grassland (2.33%). Soil carbon concentration decreased with increasing soil depth. At the 10-20 cm depth, old fir stand had the greatest SC concentration (2.06%), whereas young fir stand and grassland which showed similar percentage (1.71 and 1.79%, respectively) had the lowest SC concentration. In general, when 0-20 cm soil depth was considered, SC concentration was highest under old fir stand (2.80%) and lowest in the grassland soil (2.06%). Compared to SC concentration, total nitrogen concentration at the top 10 cm was lowest under grassland (0.22%) and highest under young fir stand (0.31%). Total nitrogen concentration also decreased with increasing soil depth. At the 10-20 cm depth, grassland soil still had the lowest (0.13 %) and young fir stand had the highest total nitrogen concentration (0.22%). At the 0-20 cm, total nitrogen concentration was the lowest under the grassland (0.17%) and the highest under the young fir stand (0.27%).
Regarding the soil carbon and nitrogen stocks at the 0-10 cm soil depth, old fir stand had the highest soil carbon stock (43.0 Mg C ha -1 ), followed by young fir stand (38.1 Mg C ha -1 ) and grassland (33.7 Mg C ha -1 -Tab. 5). The soil carbon stocks also decreased with increasing soil depth. At the 10-20 cm depth, grassland had the greatest SC stocks (30.9 Mg C ha -1 ), followed by old fir stand (27.9 Mg C ha -1 ) and young fir stand (23.2 Mg C ha -1 ). When the 0-20 cm total soil depth was considered, however, the old fir stand still had the highest SC stock (70.9 Mg C ha ). Considering the total soil depth analyzed (0-20 cm), the old fir stand had higher total nitrogen stock ) than the old fir stand (5.93 Mg N ha -1 ) and the grassland (5.81 Mg N ha -1 -Tab. 5). In general, grassland showed the lowest C/N ratios at all soil depths, whereas young fir stand had the highest ratios (Tab. 5).
Soil carbon stocks from all studied sites at the depth of 0-20 cm were plotted against soil C/N ratios (Fig. 3) . A good relationship between soil C/N ratio and mean soil carbon stocks was detected. Stands of the tree species with higher soil C/N ratios showed a higher carbon stock in the soil. For example, beech species with lowest C/N ratios had the lowest soil carbon stocks, whereas black pine with highest C/N ratios had the highest soil carbon stocks (Fig. 3) .
Discussion
The present study has shown that tree species, stand tree age and land-use changes can have significant effects on soil carbon and nitrogen stocks. Mineral soil in broadleaf stands (e.g., beech stands) contained less carbon than mineral soil in 168 iForest 9: 165-170
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Tab. 4 -Mean soil bulk density (Mg m -3 ), soil carbon and nitrogen content (%) in mineral topsoil of young and old fir and grassland. Different letters indicate significant differences between tree species (P<0.05, n=9). 
Soil carbon and nitrogen stock capacity under different tree species
conifer stands (e.g., black pine and Scots pine), whereas conifer stands showed a lower total nitrogen stock than the broadleaf stands (Tab. 3). Moreover, significant differences among conifer tree species do exist: black pine stands had higher carbon stock than Scots pine stands. As for soil nitrogen stock, black pine stands, however, showed lower nitrogen stocks than Scots pine stands. These results confirm a general trend already reported in previous studies, i.e., soil carbon stocks under conifers are larger than under broadleaves on the same soil (Vesterdal & Raulund-Rasmussen 1998 , Augusto et al. 2002 , Jandl et al. 2007 . Differences in soil carbon and nitrogen stocks between tree species in this study could be attributed to differences in litter quality and quantity of tree species. Indeed, differences in the amount of litter produced and in its biochemical properties between coniferous and deciduous species affects litter decomposition rates, and eventually influence soil carbon stocks (Sariyildiz & Anderson 2003) . In general, beech litter contains more components that are difficult to decompose than black pine and Scots pine . Especially, beech litters with higher lignin concentrations result in litter accumulation in the forest floor and formation of acidic compounds (Sariyildiz & Kuçuk 2008) . The slower decay rates of beech litter compared to the litter of black pine and Scots pine could have contributed to the larger accumulation of carbon in forest floor under the beech stand as compared with the other coniferous stands (Sariyildiz & Kuçuk 2008) . In these acid soils, fauna are less active, decreasing the amount of humus mixing through mineral soil (Thuille & Schulze 2006) and leaving more material in the forest floor. On the other hand, broadleaf (beech leaves and litters) contains more initial nitrogen than conifer needles and litters . It seemed that incorporation of Nrich litter under beech stands had likely increased soil N status compared to conifer tree species, which had lower soil nitrogen stocks than beech stands. The C/N ratio of mineral soil was a good indicator of mineral carbon stock potential in soil (Fig. 3) as suggested by Akselsson et al. (2005) . The strong relationships between carbon sequestration and nitrogen or C/N ratio of mineral and forest floor organic matter have been studied by many researchers. For example, De Vries et al. (2009) showed a positive relationship between N deposition and C sequestration in European forests, whereas Nave et al. (2009) in a metaanalysis of north temperate forest soils showed that greater N inputs led to a lower C/N ratio in the forest floor, similarly to the present study (Fig. 3) . The age of trees can also affect the soil parameters investigated in this study. It is generally expected that old stand has a high soil carbon stock because soil carbon should accumulate in relatively undisturbed forests, and some years are needed to change the soil chemistry. In this study, fir young stands (45 years old) showed lower carbon stocks but higher total nitrogen stocks than mature fir stands (82 years old) (Tab. 5). Binkley & Valentine (1991) indicate that a change of tree species in a stand can substantially change the soil chemistry within approximately 50 years. Under 40-year-old stands, Hagen-Thorn et al. (2004) did not find differences in the SOC contents between tree species, whereas Oostra et al. (2006) did find significant differences between species in stands of more than 60 years old.
Mineral soil carbon and nitrogen stocks vary with land-use change (forest to grassland). Grassland soils had lower carbon stocks compared to mature broadleaf and conifer stands, whereas it showed higher carbon stocks than young fir stands (Tab. 5). As for total nitrogen stocks, grassland soil showed different pattern as compared with tree species. The soil nitrogen stock of grasslands was higher than that of black pine stands, but lower than that of beech stands, while no significant differences with Scots pine and fir stands were detected (Tab. 5). Significant differences in the soil carbon stocks between tree stands and grassland support the general hypothesis that land-use transformation from forest to grassland or other usage (e.g., agriculture land) causes tremendous losses of terrestrial carbon that reduce the potential for land sustainability.
Conclusions
This study have demonstrated that soil carbon and nitrogen content and stock rates under similar climate conditions are significantly influenced by tree species, stand tree age and land-use change in the northwest of Turkey. Soil carbon storage is important not only because of its role in the global carbon cycle, but also because it affects forest productivity. Since soil carbon and nitrogen are principal source of energy for the nutrient-recycling activities of heterotrophic soil organisms, the maintenance of soil carbon and nitrogen stocks is vital for sustaining forest productivity. Soil carbon is one of the principal components of soil organic matter (SOM), which also contains significant amounts of water and nitrogen -all of which are exchanged between the biosphere and the atmosphere, thus affecting Earth's atmospheric chemistry, energy and water budgets, and climate. Therefore, improving our understanding of the factors that affect forest soil carbon storage is fundamental for anticipating changes in ecosystem goods and services, e.g., forest products, water resources, and greenhouse gas mitigation. A better understanding of the effect of tree species on soil carbon will enhance forest management activities, such as selection of tree species for carbon sequestration in plantation systems, design of sustainable agroforestry systems, and improvement of biogeochemical models.
